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The Root Zone Water Qualih Model R/WQM) i a comprehen

sive gricuitural slstem model aith the eapacits to predict crop—tnvi

ronntental r poretayiug oiI 2nd crop tnanagenwnt vs1eflit.

Our objeethe oat to esaluatc RZ QM for ik abiIit to simulate a

2-yr winter wheat tTriticurn aeStivu,n Li--fallow (WFj rotatlon and a

more comples wheat—torn (lea iaa s I )—fallow WCF) rotation an

tier tilled and no4ill (NT) conditions on a Weld silt loam soil in semi

arid northeastern Colorado, Measured data frotn all phases of both

rotations 4sere compared with simulated sahies using root mean

square error (RMSL) values to quantify the agreement. Soil wat.er

in different lasers, total soil profile i 18(1 cm( water contents, and grain

ieid were accurately predicted wIth R NISLs rangi.ng between 0,055

and 0,661 tn at , d6 and 7,1 Cull, and 244 and 867 kg ha, respectivels.

leaf area judas (LA!), euapotranspiration, and biomass predictions

were less accurate with RMSEs between 07 and 1,6 end, 5,5 and

7 cm. and 1027 and 2714 k ha, resnectively, Greater toil nater

and crop yield measured for NT compared with convention.aI tillage

(CT) siere simulated reasonably ssell. Predicted soil organic ( ssa

greater in the surface (hill in for NT compared with CT after 11 yr. Al

though the crop growth component of RZWOM needs improvement,

especially with reard to LA!, sse conclude the mode! hat potential

for simulating alternative crop rotations in the central Great Plains,

(Inc potential application for R LWQM in this ret1ion ma bc to pre

dict ilable cropping opportunities for es oh tug conservation programs

such as the Conservation Security Proram (CSP).
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Ellèvtiveness of RZWQM for Simulating Ahernathe

Great Plains Cropping Systems

Sact’endt an S. A natsalii. I.>avid (. ‘s iclsnn . 1 .iwann 1a, I .aiiat 14. Ahua,

Merle F. Vi1. and A.rdeii 1.). Flaivorson

lavrr SviLl•i both CT and ?i 4F• it western Nebraka

anti nonclude“J ihat eropç)inn intensification would tue

1k CCSsCt[5 to interse the deeltnc, Siudtey orienwd toward

amelioration t.sf adverse.. irn..pacI of WF(GT on soil qual

uls and pruduettvit increased suhstnntiails throuchout

the Great Plains in recent years. Numerous rese.arch

dolls emphasiseti des t’iopine better cropplile and t II--

age practees for optimum use (l available rainfal.l. and

rnnimal euivrotrnnnIal mpaet il-faivorson. 1bhP: An

derson et ab, 1.9db), To develop environrnentall sound

eroppine systems as alternatives to WF(CT). field exper

II 1cflts sScic cSL it ;lsI; U I) in0;1 Scid lIl S iii

(t ic iu tt° rnt n A id; Ar u’tol’s, tt the he ntial

( o. - tni Si so so \Kr t y (I \s it

crop rotations under both Ci and NT prac.tiees are cur—

re-n tlv being investnaIed. I o effeeiiselv extend research

results obtained in those. experiments to o.ther soils and

III Ic 0 11 1 nO W a d ts 0 U; t; n

in h.ighly variable climate-s such. as th.ose found tn the

Great Plains, tools are needed to synthesize and quantify

the overall response. Furthermore., to truly solve real.-

world problems. accurate tools are needed to help pro

ciucers and researchers understand the broader agricul

tural systems issues (Peterson ci al -, 1993). Weiss and

Rohb l98i proposed a computer-based systems ap

proach for synthesizing knowledge bases. Using agricul

tural systems models to integrate knowledge accrued

from soil and crop management research has been pro

posed (Elliott and Cole, I98d). Conducting field research

on all aspects 01 alternate crop Inanagenlent practices

It .r selection of a viable farming system is hindercd by

botn time and cost. These problems, can be addressed

by usine. data from alternative, cropping systenm studies

tlit’t lL. i°U S tit Its ;t diP era s a ‘so

that can suhseque.ntl.y he used for various other manage.

meni st rat egtes and thus extend the results into variouS

tem.poraI a.nd spatial dimensions (Knisel and. i.’u.rtoia,

I t) \1 tns l’J F3itsms 1 sr ( md I I

1 )°i I a, Cl a 1 1)1 t 1)33

TO P1W 554 ([1 e’ - 5 I )°a bjti

is a. proc.ess-ora: n.ted agricuitural system rnm.lei that in.te

rates varous hiologiea.l. physical, and chemical prceesses

1.11. the s-oF-— niani tll’tle)51’tie.T-t.’(.i’’IIt flu urn and s: mutates •t

impact and feedback of alterrla.tivt’ management prac.

Ii Cam 1 31, It ;3O 10 tflu s_i ; , s5j54

the err p e.ornpt.tn.ent is represented by a generic pl.a.nt

LI 0 5 fi n a 1 It it 10 0 t 1

ihbresiaiions: t,, ,or;t: ([‘, e,ns’-nin;n,;I ttllact.’: [‘I -

us I It ‘. I 5,1 5,. 1 ui NI 1 ; .,, Isi ,, si, 1 itO

Siertuite’ efficiency: RMSE. rO.tt iTlean t33ij5t error: RIWQM. R.ot

lens’ W.;ies (tuatuls’ M’cL’i: 501’. toot) sd srs’an;’;nti’hon: 55)5,), soc

organic matter: SV. wInier wheat: WOE wheel--eon ‘atlow” (rotation):

Wf 5330 n al 1 1 dl tw 01;
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Measured Riomass, kg ha1
ldg. 10. C mparison beteen e’,nrvd and predcwd 4 kLWQ1j

wheat and corn (fl% for the wheat—corn$ailow (WCF) crop

S C’9 ‘i ib l,nig m at 44 ( 4 41 l l’egnin n r

(WCFC). and beginning Falbss (WCF.F) data sets. Crew bars

show one standard deviation about the mean of nie.asured biolnass

Table 2. Calibrated phsical and hydraulic properties of the Weld

silt loam soil used in the modc siinnlatioiis.

4%ater content 8atuia(ed

Soil bnlk Indranlic

soil depth den’.t Sand Silt (1a 33 &Pa 45404 IC enduct64ts

m 41gm —.—

—- mm it

44044—411 1 3 40t 3(7 49 4 0224 04192 91 7

41,(S_934j L33 32.3 44.3 23.4 44,231, 41403 90,7

0.30—0.60 132 37.0 30.7 22.3 0.2311 0,00% 90,7

(4,60—4590 1.36 45.7 36.7 47.6 0.224 0,089 140.8

44,90—1,20 1,40 45.7 42.3 12.0 0.215 15083 (18.7

(.20—1.50 1,32 48.3 41.7 10.0 9.212 0.0,81 108.0

1.50—1St) 142 414.3 417 10.0 0.212 0.081 1.011,0

[wrec in the ctended Shniiiieworth-VValla.ce El model (Fa

:ri Ahu0, Dee). SuE:c: 450th’ a’. ala’ a potcni.iai

source ion S.. and N i.e iti oil nwtncnt e’eie (Ra’jas aOL Ahuja,

20th, DetaIled deseriptions of these simulat;ons are available

Aiìuia ci

----

9•000

6000

‘C”

113

U’
U)
a’
F
0

ID
¼’

ci)

Table 7. RZWQlpredc1ed change in total soil organic carbon

(SOC) between 1irt planting date in 1992 to the last phmttng

date in 2(101 (1) to It) cm) due to ditlerent croppIng svsteuis,

Beginning Inding Percentage

SOC 81)4’ chang.’ in

1)aia setS 0—10 en, (4—144 en, SOC

pgga’

4V[(1g3V (4557 9 164 —4

4VHCT4 144 734 8 931 —l7

Average for WI3C’Ft 144 101 9 048 ‘—11

WF(T).W 8 624 91445 14

W[(NT)4 4< 633 91419 13

Average for WONT) 14629 9817 14

433F(\fl4 9096 l0<’9 (7

4% ( f4 ( (loti 10 410 20

IIIFtNT).f’ ‘4 049 10883 20

Average for WCF(Nld 906% 101417 19
/

S %VF4(i’)’W convcntiona1l tilled wheat—tallow beginning with the

wheat phase: WteC’l).F -‘ conen1ional1 tilled wheat—fallow beginning

with the [allow phase; Wl’1NT144 no.4111 wheat—fallow beginning will,

the theai phase: Wk(NT)’f — no.1111 wheat—fallow beginning with the

fallow phase: WCF(NT).W no.011 wheat—corn—fallow beginning with

the wheat phase: WCF(NT)C no.101 whcai—..orn—fallow begin

with the corn phase; WCFINTJ’I’ . no.1111 wheat—corn—fallow beginning

with (he fallow phase.

CONC1UStONS

3000

Model Description

ID’,\\’C)yl . c4rnprehansive aeriettilut at ‘.Sl’,,’ in tTtoUel

desin:ned to pre.diet crop—’envitonmental responses 10 alterna

ta’c in nagen:ent systems (Ahuja.. et ci,, 221142). Poieniial F”i’

in the soii—nesidue—eanop ssstenI is modeler]. Usttt$ i.hc “cx’

tended Shutilewrnrth Wallace FT model” (Farahani tnr. Ahuja.

1996). Water tnt Ittatton a’ caleulatuLt 55410 the Green Ampt

equation ((ireen and AflOt, 1911), and water redistribution

is .‘ilcui.lcii ha sols’ in’ the R ich rds’ equation.. Seal hydra nbc

prip” rtles. arc estimated usi no 1 he l)rooks—( ores eq nat ton

(Brooksand Corey’, 1964). ‘i’he 0)0221. eon pu1er proeran’t drives,

64 in _eitt, 9 1. 4 Cs In 9 R/ 11))0 51 1 “Xl’s I

R 10*55 1
.

— r 1 1) — 0

he para.m• tenized to simulate a speeiis” crop. “[‘he pia.nt model

am ulees hot Is pli’tit popula’1 ion dave t ‘omen 1 1 n umt’e n o

plants dying, remaimne i a Oiven growth snagc, or moss e to

th nt xl ro nh sit_ct inn glint ro st P1 nolo,,ca dcccl

tnent. while not eXplietly simulated, is handled through

seve.n growth stages. ‘l’hese include: 6) dormant seeds, (ii)

1 iat’T C — e— 1 ‘ “t ( i I 00 ‘s p1 ‘tc

f,,,., 4 , 0 is’’t 4
4 4 t 4

(vii) seneseen.t plants. Detailed descriptions 01 the different

components 01 the RZWOM are .isatiahie elsCwfleie tAhoE

ci nI.. 2.0(10; Hanson e.i al., i.9’dS). Sianageirtetit pracitces such

as tiliattta appi;eations of manure, fertilizers, and pesticides:

p1 ttttiit nc ho en if’ , in It a it i a f ‘n

residue d namies are sim.uiated in the model, [n.ese processes

nrc simulntted 1.hrough ehangine soil properties Or chine in

the stale of the svsten’ Ttllaeci s assnnicn to dcxl ron all the

maeropores in the tillare. zone. ‘I’iliage—indueed bulk density

change is modeled tollowing the procedure used in the EPIC

model (Williams et al.. 1954). Change in hulk densty al’feets

soil porosity or saturated soil water content, soil water eontent-

suction relationships, and hvdr:tulie eondttetivit . In RZWOM.

the presence of asurl’ace residue laser is modeled to benefit

soil water slnraee by affecting, the potential soil evaporation

We tested and validated RZWQM for its ability 14

simulate crop rotations involving winier wheat, corn,

and follow under Cl’ and NT management. ‘I’h.e simula.

dons renisonablv predicted differctsces IT’] 5011 wale’, crop

grain yield, ad C sequestrililon [car both tillage practices

in WF and in NT WCF cropping systems. Prerlicled soil

water, grail] yield, hiornass, and FT were in reasonably
— ‘ good agreement with measured values. I’he LA! predic

0 3000 6000 9000 12000 (ions showed greater deviations fron’i measured values,

h1,lt we. did not hanir enough I..Al measurements [or

detailed analysis. Model smulatton. oner the l0.’yr pe

riod shossed greater SOC sequestralion in the 0- to

10—cm soil iayc.r in the N’l” svste in c.on’t.pared with Cl’

systems. Simuiat.ions also showed that soil C seques:tra

don ncrcased with incre’ave’d cropping ntensit . We eon-

elude th.at the ets.erie crop model of 122dWOM needs. i.m

prove.me.nt for more’ accurate. s,im.ulations of plant growth

arid de.velopnsent, with. emphasis on improving bioma.ss,

F”[’, arid i..,Al predictions. Despite the inacirn.ra,cies oi.’

1,isis current model, we. eotsc,itide. t.hat the model has rca—

in mIt Dow itol hr t no 101 in., n nd se i’th smig r_

sear’ h t’inding.s from alte;’nat.ive crop rotation s.ystem

exp.eri.nsc.nts in the tjri’.,m Plains aol 1 ir exta.ndjnie the

resolD tn.’. a t.he.r sr.his, climates, and mana.gcnsent. pras” t.ii’ass’

*5lodel Paranwts’rizaiion and (.‘allhraliott

I r sew it nnt,ttl ittons H/WhiM muse li e ItO mOd br

hsdtrai.lit’ j74’09’e’rtev, ntiiniett t)r,.Pc.rtc, and plant st’onn lii

paranietet:s. to uthe site. an.t.i crops being sli:nuiaicd )[Ianson

at 54, 1999’t, SIc f iltccvcd the detailed prt.ccdures for calibrat—

4 x/”ii\ i t

and Ftc (20t>2),
E’or s.imnlaton t’f the 5Oi water balance in R7,W’Ol’ e.ach

son tefinee. in ccrtts ot’phnsie iii hulk densIty, parti

dc. density, porosity, an.d te.xturc) and hydraulic properties:.

iF d’aulic properties are detined usine the Brooks and Cores’

(1 Ott) equations’ ath slight modfiea(it.ns t Ahuja et at,. 20014).

The Brooks—Corev parameters eompiltr.d by Rawls ci ci. (1982)

sr 1, 1. ‘oil le’s.lurai classes an,: an:.til:thle fl he model dalahane

it measurei,1 v:tlucs are not as ailnthle, SM’ did not hane held inca

surements of soil physical and hydraulic properhes. so sunula

overpredicte d by’ the model in 3 of the 8 yr (F’i.g. .10). The

prediction of Iviseat biumass for these data sets ss as

he Ct tOaD tot [hr 55 b tat i s 15 icr ito nad I —

In “c H x154 s iii n I I ilde 64

‘f’oi, ci et.,rn hioniassat ha’vs’st in the SICk’ dla.ta s:ett;

ran.ged from 33)5 to 6801 kg ha and was wel.’l red ici.ed

hr ‘m J_ I a g ii h I is Ii 7 x r i cc

to within. one. statmdan’d deviation of nnea:sut’ed biotmmass,

Stiiw.lation.s ol Soil (.)rgamc. Mailer

Pt iwrnan et ci, (1996) an.alvzed. the drtt.a olei.a,ined Irons

the Ak.rt.m altern.ative’ crop rettatititm cxper’mment from

100(1 js 1995 I lsv’ ii potted stonlfit. tntlv trOts I 14 dl

S(’)M in ND’ than in (‘1’ in the 4)— to 3—cm soil layer.

RZWQM simula.tions showed SOC from 1992 ft.:’ 2001

declinIng lt).6’b in Wl’(C’l ), ncreasng, 13,52 in
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fig. 7 Consparb4m hetneen nicasnred and predicted t RZWQM) “heat

grain yittd for the wheat—faIhn (Wfl cropping systems in begin’

fling fallow (WF-td and beginning wheat (WF’W) data sets. Error

bars show one standard deviation about the mean at measured

yield. CT. toni entiunal till: N F. mid ill.

Simulations of Leaf Area Index

Simulations of I Al ,hosro,d RMSI velute 01 1 35
0Th 1 63 owl 0 ‘ rf WI it Fi \k \\ i (N it \V

\Fl( 1) F md \li\l) F ditteels icspttli\il\ tIe

hle 3). Field measurements of LA1 were not continu
ously available to make detailed analysis of the model
simulaiions, so the RMSEs were calculated based on
only 17, 6. 24. and S LA 1 measurements durine the 1 0-yr
period (1902—2001). Nonetheless, the results indicate thai
LA1 simulation Lw th.e generic plant growth model is poor.
Similar poor results were found in. the three WCF1 NT)

it
,,

I tT \i,.<

..,roe. significant errors. in subsequent si nauiat:oas of sic
pendcnt prosesses tn I par loictem g F 4 ,jet< U mb

and biomass). Thure.fore, the: ge.nerie plant growth model

Year Measured 5imntated Difference

tie

nceeis turihet tmpr .vetnent tot better leaf area sl1Mtt—

I:ct ions.

SImulations of Grain Yi:eld

\Vheat grain yield prudietione for both (‘1 and Nt \\ete
tt t txoiNIt ‘io I ,R\ISl-’. N rh,,tti US

‘20 244 3% tndonskg h20 tot WI t Cl W WI 1201) W

W’t5(flF and WL(Ni ‘)J data sets, respee.tive.iy (‘in
t-t It \\h0 t s’ Id Fir 1< ot 20 n’ps d r nu lIlt, 40 sr

ot simulation (hnr data sets. each ii) yr in iength u as

preoieted within one standard deviation of the measure

yield (Fig. 7). Four of the data pt ints represent model
prediction departures fretm. m asure’el yield of more thnm.
— lire quit iLs,rUtt\ rotse

complex iutci aettons hetwee’n s.ritl ssater and N were’

presnmahh’ re-sponsible. Mr the’ large errors, it is ddIieuh

to ide.ntify a single factor that is soie.ly responsible. fe,r
the lartie simulation errors.

Nil t tilt tt Li tin s td t toted l<eOs on lutoent
and svater availability. Better water storage and grain
yield as:soeiated wi.th NT have been reported (Brandt,
1<192)- ln the pre.sent study, measured winter wheat yie.ld
is < ro, to nr xr et d n on5 t is t Ut I

< t, WF5T150,o” r’’, moherts n% ii’

WF(CT) (P 0.01, paired test). Though at a lower sig
nibeanee level (P < 0.05, paire.d nest), model simula
lions also showed itn increase in train yield in he,th be—
e’untn° w ht ti mud hcntuntug I illow 0 tt t sets ot \\ FIN I)

compared ss ith W F (Cf I. Simitlateri increases in hiomass
and gra..in yield for 201.’ compared with CT were due: to
lower soil waler stress in response to hig.her PSE. How
ever, in response to the lower water stress, the NiT <ys

1cm also s.hoste.d higher plant growth ansi transpiration.

This resulted in higher simulated N stress, but it was

gene-rally nr<l enough to offse.t the growt.h advantages
k I dti set qt Tb flrt,ls

in measured wheat grain yield to r NJ’ eomnared with

t I r tn4cs om t V n , ‘or I Dc 4tnntse it 5%

data set and from IS te< 92% for the heg,in.n.ing wheat

and 2(1 or more years (or loni,s-term stability. As: reeomnse.nded
h Ahtja and Ma (2(.X.t2), we hegan by estimatinu the’ three hu
00 crot C’e ii << res<ite

tot t:ist. medium. attd eiet< uoois. and so iite mterohtat pools

aiSitt)tXi. StY), and Sth’.tiorganistnss sot, tespeettiels - ter ar-n:—

trisi hetero.tretphs, au.totroph.s, atnd. taeultative. h.eturotrophs. We

ran the model tot 55 ,t und r the WI (C Ii rotatt :n <0 stabtlt

th 5051 00ls

l-’i,,tnt naramt’ie’oi tot stmttlatiot< ot \sntt,er

u t A cttne Ott r tttjtot ii nt I S te Wit it

previously by Saseend.ran e.t 20 (2.t)04) and Sasessnd.ran e.t 20

(20.15), re.speetively’. tn. the present study, we m.ade. u.se of

these par:tmeters
I’he RMSL statistire which quantities the. itcerace de vt:tttott

between predicted aud otiset ved satues, was nod to evaluate

the sim.ulation results:

_______-—

fl)’:

IIMSF

re. 5’. is. the /t (a t:re:.tiete:d o.stue - 5) 1. he itt, Otse r\:etj.’,:a t. <.te,

and o is the nomi..,s’r uS dale gait’s.

RESULTS ANt) DISCUSSION

Soil Water, Precipitation Storage EfficIency,
and l7 apotransperanon Simulations

Tue. .R1.OsVQM predicted water content in dittdreut soi.l

la.yers (data not shown.) a.nd (m;r the ISO—em soil profile.
(Fir Ia h 2 i tnd ‘hi m tson itdy vi II un It r ni lb (9

and NI’ ss sterns. Soti waler re’eltetit itts i—rtr \VNC 1 ;t and

i
it

‘“

t’0’n

respectively, for the he.ginning wheat dota set, and 0.055

and 0.058 20< m° for the beginning tallosv data. set (Ta
ble 3). The: RMSF salues. br sod profile. (l Sti cml water

e’rintent were. 5.6:. 46. and 61 mm, respectively. for

WF(CT)-W, WF(NT)-W’, Wh(t 7fl-F. and WF(NT)-F

data sets (Table. 3). Field n;easure.me:nts showed signifi

caulk gre ittr (P <(1(105 pait d t st I sotl nrolde’ 150 cmi

water tinder N’I system compared with the (“F system tn

se \\ F rot too; t 0 ttl ee tm t si i tud se ,au’ tu

talktw data sets (Fig. Id a.n.d 2d). Sim.ulations a.lso sh.owed

go <icr so 1 wat reon’r nt I tr N I tomn tred tib ( I (P
t’;tt,yss. patrer_t1 test I hi hot_it data set” iFs’. I cane- 2e

<“ t ,- ,- t ,- I t t C,

-I,

V
di
5-

Eu
a..

2000

1000

/

‘rawe 4. Comparison between ttieasnred and simulated wheat r’vapotranspiration ([(Ti tinder conventional (itt ((Si’) and no’till (Ni)

wheat—fallow (WE) sstem.

tnr’rea’e at ft in 361’

Ci’ 361 ioer CI

23 ,ir Sit asnrrd — unntatol tlittt ri or 4tea’,nrr’d Simnlated Ott’!’r renrr Mi asnrtd “ninntat* d

non —— ‘‘ nun—— -‘

Beginning tallest rtaia
1093 376 291 24

1995 544 497 23
1997 3t2 277 Ii
1999 333 274 18
2Otit 411 300 27

Beginning n heat itata set
(.994 384 284 26
1996 356 354
1998 269 254 6
2otttt 312 263 16

394 3itt 21 5 7
660 628 5 2 27

3M, 333 13 24 20
36) 341 6 ii 24

462 iOn 14 12 32

419 296 29 9 -4
442 424 4 24 20

348 286 18 29 13
341’ 311 11 It 18

I Hatn win
Oeghtning. tallest’ tie-ta set

ret.

Measured shatutaled Diffdrenee

Begtuiuine u’ heal data set

kg its

t993’
1995
1997
1999
20tt1
1094
1996
1998
2000
204)2

2234
1983
1874
2062
3958
1461
1608
1412
1294
1352

tkteasnred 5imalated

2.529
1779
2843

612

949
1828
1238
14431

Btnnia’.s
(leginnun fallow data set

‘1 able 6. (7omparisiin between measured and simulated wheat yield and hiomass under eonsentional tilt (C It and notlll (Ni t wheau-fal

low (WE) svs1ena, -

Increase in 361 ever err

13 3350 2755 — t8 59 9

—10 2394 1495 —38 21 —16

52 3tt13 3874 29 61 36

22 2733 2621 .-- 4 :13

1 4 s5’l u,. I
u’) t676 1237 —2ti if- 27

21 3090 2956 ._3 92 32

29 174tt 1716 —i 23 —6

—4 t887 1705 —10 46 38
--20 1841 1922 4 27 87

- 5 7330 0405 — 12 10 6

4$ 491o 71)19 43 —8

36 StiOl 9750 74 15 37

—14 9961 8422 —tS 9 8

2 12.411 <(557 32 -_ 5 22

As: a596 816.5 24
t$4 330it 0128 .12
73 5894 8384 42 30 I I

net’au,tnue tstteat dat:.t set

1993
1995
1999
21101
114.14
lOOn
1998
20141)

tihOtI
5339
3861
91.32
445
464t5

2007
4326

6123
7099
7)198
7829
45:63
tAg 0
054)5
7587

‘Fable 5. Measured and predicted precipitation storage efficiency ([(SE) during the fallow period of


